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Abstract 18 
Carbon farming in agricultural landscapes may provide a cost-effective mechanism for offsetting carbon 19 
emissions while delivering co-benefits for biodiversity through ecosystem restoration. Reforestation of 20 
landscapes using native tree and shrub species, termed environmental plantings, has been recognized as a 21 
carbon offset methodology which can contribute to biodiversity conservation as well as climate 22 
mitigation. However, far less attention has been paid to the potential for assisted natural regeneration in 23 
areas of low to intermediate levels of degradation, where regenerative capacity still remains and little 24 
intervention would be required to restore native vegetation.  In this study, we considered the economics of 25 
carbon farming in the state of Queensland, Australia, where 30.6 million hectares of relatively recently 26 
deforested agricultural landscapes may be suitable for carbon farming. Using spatially explicit estimates 27 
of the rate of carbon sequestration and the opportunity cost of agricultural production, we used a 28 
discounted cash flow analysis to examine the economic viability of assisted natural regeneration relative 29 
to environmental plantings. We found that the average minimum carbon price required to make assisted 30 
natural regeneration viable was 60%  lower than what was required to make environmental plantings 31 
viable ($65.8 tCO2e-1 compared to $108.8  tCO2e-1). Assisted natural regeneration could sequester 1.6 to 32 
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2.2 times the amount of carbon possible compared to environmental plantings alone over a range of 33 
hypothetical carbon prices and assuming a moderate 5% discount rate. Using a combination of 34 
methodologies, carbon farming was a viable land use in over 2.3% of our study extent with a low $5 35 
tCO2e-1 carbon price, and up to 10.5 million hectares (34%) with a carbon price of $50 tCO2e-1.  Carbon 36 
sequestration supply and economic returns generated by assisted natural regeneration were relatively 37 
robust to variation in establishment costs and discount rates due to the utilization of low-cost techniques 38 
to reestablish native vegetation. Our study highlights the potential utility of assisted natural regeneration 39 
as a reforestation approach which can cost-effectively deliver both carbon and biodiversity benefits. 40 
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Highlights 44 
 Carbon farming can cost-effectively offset carbon emissions and deliver biodiversity co-benefits 45 
 The economics of two biodiversity-friendly carbon sequestration methodologies was analyzed 46 
 Assisted natural regeneration (ANR) was on average twice as profitable as environmental 47 
plantings  48 
 ANR can be an important carbon sequestration option in areas of intermediate levels of 49 
degradation 50 
 51 
1. Introduction 52 
The carbon market has the potential to deliver significant outcomes for ecosystem restoration alongside 53 
the abatement of greenhouse gas emissions (Bradshaw et al., 2013). The demand for terrestrial carbon 54 
sinks is creating opportunities for avoided deforestation in tropical forests (Phelps et al., 2012; Venter and 55 
Koh, 2011), as well as landscape-scale restoration through afforestation and reforestation (Galatowitsch, 56 
2009; Peters-Stanley et al., 2013; Silver et al., 2000). There is particular interest as to whether the carbon 57 
market can deliver positive outcomes not only for the climate and local economies, but also for 58 
biodiversity (Bekessy and Wintle, 2008; Smith and Scherr, 2003). A too narrow focus on maximizing 59 
sequestration of carbon (such as the planting of monocultures) can lead to a range of negative ecological 60 
impacts (Lindenmayer et al., 2012; Pittock et al., 2013), and will miss opportunities for co-benefits 61 
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derived through restoration of natural ecosystems (Bullock et al., 2011; Gilroy et al., 2014; Dwyer et al., 62 
2009; Rey Benayas et al., 2009).  63 
Carbon farming is a term that is used to describe land-based practices which either avoid or reduce the 64 
release of greenhouse gas emissions, or actively sequester carbon in vegetation and soils, primarily in 65 
agricultural landscapes. Several studies have examined the economics of carbon farming through 66 
establishment of monocultures or environmental plantings (Bryan et al., 2014; Bryan and Crossman, 67 
2013; Crossman et al., 2011; Paterson and Bryan, 2012; Paul et al., 2013; Polglase et al., 2013). 68 
Environmental plantings are a mixture of locally indigenous tree and shrub species which are planted or 69 
seeded on cleared land, and are not normally harvested (Paul et al., 2013).  The potential for 70 
environmental plantings to deliver biodiversity co-benefits alongside carbon abatement has been a focus 71 
of recent work (Bryan et al., 2014; Carwardine et al., In press; Goldstein et al., 2006; Lin et al., 2013; 72 
Nelson et al., 2008; Pichancourt et al 2014; Renwick et al., 2014). Yet given the high up-front costs of 73 
direct planting (Chazdon, 2008; Schirmer and Field, 2000), it is surprising that there has been limited 74 
assessment of the economic viability of carbon sequestration through assisted natural regeneration of 75 
vegetation, despite the large potential biodiversity and economic benefits of this approach (Birch et al., 76 
2010; Bradshaw et al., 2013; Butler, 2009; Dwyer et al., 2009; Funk et al., 2014; Smith and Scherr, 2003; 77 
Trotter et al., 2005). 78 
Assisted natural regeneration (ANR, also known as managed regrowth) is recognized as a cost-effective 79 
forest restoration method that can restore biodiversity and ecosystem services in areas of intermediate 80 
levels of degradation, while also providing income for rural livelihoods (Chazdon, 2008, Ma et al, 2014). 81 
ANR relies on residual seeds and plants at the site, or dispersed from vegetation nearby.  ANR utilizes 82 
low-cost techniques to assist in the natural re-establishment of vegetation, such as: restriction of livestock 83 
grazing through fencing and direct stocking rate management; cessation of tree control practices like 84 
burning and disturbance with machinery; the use of vegetation thinning to reduce competition and 85 
promote growth, and; in some circumstances, supplementary planting of seedlings (Smith and Scherr, 86 
2003). Although most frequently applied in tropical forests (Rey Benayas, 2007; Shono et al., 2007), 87 
ANR is gaining momentum as an important mechanism for restoring forests across a range of ecosystems 88 
(Chazdon, 2008; Giloy et al,. 2014; Shono et al.,2007).  89 
Vegetation that is allowed to naturally regenerate has several advantages for biodiversity conservation 90 
over plantings, even when plantings are comprised of native species. First, under ANR, the vegetation is 91 
more likely to be comprised of native species adapted to local conditions, resulting in vegetation that is 92 
more resilient to local climate variation and disturbance. Second, natural regeneration can result in high 93 
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species diversity including trees, shrubs, forbs and grasses, whereas under environmental planting, 94 
generally only tree species are planted. Third, ANR often provides superior habitat for local fauna as a 95 
result of the increased plant and structural diversity (Bloomfield and Pearson, 2000; Bowen et al., 2009; 96 
Bruton et al., 2013; Fensham and Guymer, 2009). Finally, under the right conditions, the cost of 97 
establishing vegetation through ANR is much lower than active planting (Sampaio et al., 2007; Schirmer 98 
and Field, 2000; Smith, 2002).  99 
Despite the potential advantages of ANR, a lack of awareness of its benefits and demonstrative results 100 
means it remains underutilized (Shono et al., 2007). ANR falls under the definition of 101 
afforestation/reforestation (A/R) under the Kyoto Protocol and Clean Development Mechanism (Smith 102 
and Scherr, 2003; Smith, 2002), but has attracted little attention as a carbon sequestration methodology 103 
compared to mechanisms such as active planting or avoided deforestation (Niles et al., 2002). ANR has 104 
most potential in locations that have not been intensively used (cropped or irrigated) or with a relatively 105 
short history of intensive land use.  Across much of sub-tropical Australia most grassy eucalypt 106 
woodlands used for grazing land fall into this category (McIntyre & Martin 2002). A window of 107 
opportunity therefore exists to achieve significant carbon and biodiversity outcomes through assisted 108 
natural regeneration across much of northern Australia (Fensham and Guymer, 2009; Martin et al., 2012), 109 
and in the Texas drylands (Asner et al., 2003), central Brazilian pastoral lands (Sampaio et al., 2007), the 110 
Gran Chaco in Argentina  (Zak et al., 2004), degraded pastoral landscapes in Albania (Deichmann and 111 
Zhang, 2013) and in the mountainous Humbo region of Ethiopia (Biryahwaho et al., 2012).   112 
The aim of this study was to evaluate the potential for carbon farming in the extensive agricultural 113 
landscapes of the state of Queensland, in north-eastern Australia, by examining the economic viability of 114 
ANR relative to environmental plantings. Commercial livestock grazing on pastures with dominant native 115 
species is the main land use across Queensland. The extensive, as opposed to intensive (McIntyre and 116 
Martin 2002), nature of grazing in much of Queensland provides ideal conditions for carbon sequestration 117 
via ANR.  Profitability (profitability at full equity) of grazing throughout Queensland is generally low 118 
with many farms losing money in recent years (ABARES 2013). To determine whether carbon farming 119 
could be a viable land use in Queensland, we conducted a spatially explicit analysis of the minimum 120 
(‘break-even’) carbon price required for carbon farming to become profitable via environmental plantings 121 
and ANR. We also considered a range of hypothetical carbon prices and discount rates to estimate the 122 
carbon sequestration supply and profitability of carbon farming over a long (100 years) and medium (25 123 
years) project duration. Finally, we tested the sensitivity of our results to variation in the establishment 124 
costs of each methodology. 125 
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2. Study region and policy context 126 
Our case study region is in the state of Queensland, in north-eastern Australia (Figure 1). Agricultural 127 
development over the past 150 years has led to extensive landscape modification (Dwyer et al., 2009; 128 
McAlpine et al., 2002) with the most rapid development occurring in the vast Brigalow Belt bioregion 129 
within the latter half the 20th century (Seabrook et al., 2006). As a result, around 34 million hectares of 130 
vegetation in Queensland (20% of the state’s total vegetated area) is now considered non-remnant: 131 
heavily modified, secondary vegetation.  Commercial grazing of livestock is the predominant land use 132 
across much of northern Australia, where it occurs in extensively managed grassy eucalypt and acacia 133 
woodlands and shrublands (Martin and McIntyre, 2007). Unlike southern parts of the continent, these 134 
northern landscapes have not been subject to broad scale intensification via sowing of exotic pastures, 135 
fertilization and irrigation. Despite broad scale clearing of trees and shrubs in some regions (Martin et al., 136 
2012), much of the cleared land retains regenerative capacity (small trees and soil seed bank) e.g. 137 
Brigalow (Acacia harpophylla) (Butler, 2009; Dwyer et al., 2009; Fensham and Guymer, 2009).  138 
 139 
At present, clearing regrowth to maintain high quality forage for livestock represents a substantial 140 
management cost to graziers throughout Queensland (Gowen et al., 2012; McIntyre and Martin, 2002). 141 
Landholders not clearing regrowth would forgo some pasture, but could attract credits for carbon 142 
sequestrated if the vegetation was left to regenerate (Commonwealth of Australia, 2013a, 2013b). 143 
Extensive restoration of vegetation in these agricultural landscapes is a high priority to avoid potential 144 
long term ecological impacts and mitigate extinction debt from past clearing (Martin, 2010; McAlpine et 145 
al., 2002).  146 
 147 
Australia’s Carbon Farming Initiative (CFI, Commonwealth of Australia, 2011) and climate policies are 148 
currently under review; however, there is broad political support for landholders to generate additional 149 
income through the provision of land-based carbon offsets in agricultural landscapes. We examine a range 150 
of carbon prices, project durations and establishment costs in order to gain an understanding of the 151 
economic viability of two key reforestation methodologies in our study region to help guide the carbon 152 
farming policy debate. 153 
3. Methods 154 
3.1. Land use data 155 
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We restricted the extent of our analysis to sub-bioregions in Queensland where at least 5% of the sub-156 
bioregion is comprised of agricultural production landscapes (resulting in 73 of 130 sub-bioregions being 157 
considered). Our study extent encompasses 30.6 million hectares of agricultural landscapes potentially 158 
suitable for ANR or environmental plantings.  To refine this extent to areas where ANR or environmental 159 
plantings are feasible, we used a state-wide vegetation coverage layer (Department of Environment and 160 
Resource Management, 2009) to delineate the extent of cleared land in Queensland (Neldner et al., 2005).  161 
We excluded areas of intensive land use (mines, urban areas), irrigated cropping, protected areas and 162 
water bodies from the analysis using a national land use dataset. Land uses included in our analysis were 163 
native pasture (88.7% study extent), non-irrigated cropping (hereafter, ‘cropping’, 3.5%), and modified 164 
pastures (6.1%).  The native pasture category includes land where there has been limited or no deliberate 165 
attempt at pasture modification, and vegetation contains greater than 50 per cent dominant native species 166 
(ABARES, 2010). For ease of interpretation, we incorporated modified pastures within the ‘cropping’ 167 
land use category. Approximately 1.7% of the study extent is formerly rainforest where cropping is now 168 
the dominant land use, which is important to delineate given the higher costs of environmental plantings 169 
in these areas (Catterall and Harrison, 2006).  170 
Environmental plantings were considered to be feasible across each of our three land use categories 171 
(native pasture, cropping and former rainforest). However, ANR is generally not a suitable carbon 172 
farming method on sites which have been cultivated, irrigated and sown to exotic pastures, due to lack of 173 
local regenerative capacity in native vegetation (Fischer et al., 2009; McIntyre and Martin, 2007). We 174 
therefore restricted our analysis of ANR to areas of native pasture.  175 
3.2. Estimating the rate of carbon sequestration 176 
The rate of carbon accumulation through forest growth varies temporally, and so understanding the cost-177 
effectiveness of alternative carbon farming methodologies requires this dynamic variation in flows to be 178 
explicitly accounted for (Richards and Stokes, 2004). To capture this temporal variation, we emulated the 179 
core of the FullCAM forest growth model (Richards and Brack, 2004). We used a dataset known as the 180 
Maximum Potential Biomass layer (MaxBio, Department of Climate Change & Energy Efficiency, 2004) 181 
to derive estimates of the rate of carbon sequestration under the ANR and environmental plantings 182 
methodologies. 183 
MaxBio and FullCAM are components of the National Carbon Accounting System (NCAS), which 184 
estimates Australia’s greenhouse gas emissions from land based activities in accordance with the 185 
international guidelines adopted by the United Nations Framework Convention on Climate Change 186 
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(UNFCCC). MaxBio is estimated from a forest productivity index (FPI, Kesteven and Landsberg, 2004) 187 
generated with a plant physiology model using bioclimatic parameters, and empirically related to above 188 
ground biomass in native forests (Richards and Brack, 2004).   189 
The predicted above-ground tree biomass (t ha-1) at time t is a function of MaxBio, M, and an estimated 190 
constant k that determines the rate of approach towards the maximum biomass (Richards and Brack, 191 
2004) is:  192 
tkMetM /)(   .     (1) 193 
Biomass generally accumulates more rapidly in tree species commonly used in environmental plantings 194 
compared to regrowth of native vegetation, hence we consider k = 20 for environmental plantings and k = 195 
24 for ANR in this study, which reflects values used for Australia’s National greenhouse gas accounts 196 
(Commonwealth of Australia, 2012b; Commonwealth of Australia, 2014). We accounted for biomass 197 
allocation to coarse roots (root:shoot ratio) using the recommended fraction of 0.25 for acacia forest and 198 
woodland (Commonwealth of Australia, 2012b; Snowdon et al., 2000), hence the ratio of total biomass to 199 
above ground biomass is 5:4, or 1.25 times. 200 
The long-term average annual increment in biomass accumulation (cumulative above- and below-ground 
201 
biomass)
 
between t and t + 1 years (It), using equation (1): 
202 
       
)(25.1 )1/(/   tktkt eeMI .                               (2) 
203 
The carbon content of tree biomass can range between 45-50% carbon, but this varies by species (Thomas 204 
and Martin 2012) and tree component (Gifford 2000). We adopted a conversion factor of 50% to be 205 
consistent with the Australian National Carbon Accounting System (Commonwealth of Australia, 2012b, 206 
Gifford 2000).  207 
The annual sequestration rate of carbon by vegetation (ct, t CO2e ha-1), is therefore: 208 
      )(67.35.0 1 ttt IIc ,                 (3) 209 
where 3.67 is the ratio of the atomic masses of CO2 and C.  210 
For simplicity, we assumed that the carbon stock at project commencement (t=0) is zero. Current 211 
methodologies to credit carbon sequestration through ANR in Australia require that project areas have 212 
evidence of regeneration but little standing carbon stock at commencement. Our model is consistent with 213 
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estimates from the CFI Reforestation Modelling Tool (RMT, Domestic Offsets Integrity Committee, 214 
2011). FullCAM and the RMT model forest growth for user supplied point locations but our approach 215 
allowed us to generate estimates of carbon yield from ANR and environmental plantings over a large 216 
spatial extent rather than on a single project basis (see Supplementary Material for further details).  217 
3.3. Costs of carbon farming 218 
Opportunity costs of agriculture were derived from the most current map of agricultural profit for 219 
Australia, which was based on data for the year 2005/2006 (Marinoni et al., 2012). The map is a grid of 220 
profitability at full equity (PFE, $ ha-1) at a 1km2 resolution across the Australian content, using data on 221 
production, revenues and costs for 23 irrigated and rain-fed agricultural commodities, combined with data 222 
on land use (2005/2006) and yield estimates.  PFE is a measure of profit which is calculated as the 223 
difference between revenue from the sale of agricultural commodities and all fixed and variable costs 224 
(Bryan et al., 2009; Marinoni et al., 2012). The system developed by Marinoni and colleagues will enable 225 
the production of a more current map of agricultural profitability once the latest land use data set for 226 
Australia (2010/2011) is finalized. As this dataset is not yet available, we adjusted PFE to present day 227 
values based on a 2.7% annual rate of inflation between 2006 and 2013 (Reserve Bank of Australia, 228 
2013).  229 
We considered a mid-range once-off (incurred at t=0) on-ground establishment cost of $2,000 ha-1 for 230 
environmental plantings (tube stock, fencing, weed management, labour), but also conducted sensitivity 231 
analyses using high and low cost estimates ($3,000 ha-1 and $1,000 ha-1) adopted in previous studies 232 
(Crossman et al., 2011; Polglase et al. 2013; Schirmer and Field, 2000).  Environmental plantings in areas 233 
of former rainforest incurred an establishment cost of $8,000 ha-1 (Catterall & Harrison 2006). 234 
Ceasing the routine re-clearing of regrowth vegetation is likely to be sufficient to allow regeneration in 
235 
many parts of our Queensland study region. The balance between re-clearing costs and production income 
236 
are part of PFE, hence we considered an establishment cost of $0 ha-1 for ANR in our analysis. However, 
237 
in areas with a longer history of intensive land use, it may be necessary to restrict livestock access to the 
238 
carbon farming project site to facilitate regeneration of vegetation (Comerford et al., 2011; Prober et al., 
239 
2011; Vesk and Westoby, 2001; Witt et al., 2011). We therefore conducted a sensitivity analysis by 
240 
considering an establishment cost for ANR to cover the cost of erecting fences (including materials, 
241 
labour, and transport). We derived an estimate for the establishment cost for an ANR project using 
242 
estimates from Schirmer and Field (2000). This estimate was adjusted to present day values based on a 
243 
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2.9% annual rate of inflation between 2000 and 2013  (Reserve Bank of Australia, 2014), to reach a final 
244 
estimate of  $460 ha-1 (Figure S1).  
245 
Finally, for both environmental plantings and ANR, we derived annual on-ground management costs 246 
from comparable studies (Commerford et al., 2011; Polglase et al., 2008; Schirmer and Field, 2000) and 247 
adjusted to 2013 prices (Reserve Bank of Australia, 2014) to reach an estimate of $45 ha-1 year-1. Market 248 
participation costs included an initial project establishment cost ($100 ha-1), as well as annual monitoring 249 
and auditing costs of $10  ha-1 year-1, and transaction costs of $10  ha-1 year-1(Bryan et al., 2014; 250 
Commerford et al., 2011; Paul et al., 2013).  251 
3.4. Economic viability of carbon farming 252 
To determine the economic viability of carbon farming, we used a discounted cash flow analysis to 253 
calculate the minimum price on carbon required to generate an economic return via environmental 254 
plantings or ANR.   255 
We generated a 1km2 vector grid covering the extent of the study area, resulting in 707,530 planning units 256 
i.  The average annual sequestration rate of carbon by ANR and environmental plantings (subsection 3.2) 257 
and opportunity cost of carbon farming (subsection 3.3) was calculated for each planning unit. 258 
The net present value (NPV) of carbon sequestration in each site i is: 259 
   
iii PVCPVBNPV  ,
           (4)
 260 
where iPVB  is the present value of the benefits at site i, calculated according to a carbon price p ($ t 261 
CO2e-1, discount rate r, and accounting for cti the rate of carbon sequestration at time t in site i:
 
 262 
                     
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 263 
For Australian Government cost-benefit analyses, it has been proposed that discount rates over a range of 264 
3 to 10 per cent should be tested (Harrison 2010). Previous studies have evaluated the economic potential 265 
of carbon farming using discount rates ranging from 0% to 12% (Bryan et al., 2014; Funk et al., 2014; 266 
Paul et al., 2013; Polglase et al., 2013; Renwick et al., 2014). Unless otherwise indicated, we present our 267 
results where a moderate 5% discount rate has been applied throughout the manuscript. We also test the 268 
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sensitivity of our findings to rates of 1.5% and 10%  to enable comparison to the results of relevant key 269 
studies. 270 
We accounted for a risk of reversal buffer (dR) of 5%, which is deducted as a percentage of generated 271 
carbon credits in order to insure the CFI scheme against residual risks (Commonwealth of Australia, 272 
2012a). Carbon farming policy in Australia currently requires carbon sequestration projects to remain in 273 
place for 100 years to meet permanence obligations (Commonwealth of Australia, 2012a; Macintosh and 274 
Waugh, 2012).  An option for landholders to adopt a 25-year contract for a carbon farming project is 275 
currently under consideration (Australian Government, 2014), but under this permanence option 20% of 276 
carbon credits would be deducted to reflect the potential cost to Government of replacing carbon stores if 277 
25-year projects are discontinued. Hence we considered two project durations T of 100 and 25 years, and 278 
applied a 20% discount (dT=25) to the credits earned if T=25.  279 
The present value PVCi j of the costs of carbon sequestration at site i is: 
280 
            

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,                               (6)     
281 
where EC is the sum of the initial establishment and costs ($ ha-1), MC is the annual on-ground 282 
management cost ($ ha-1 year-1), TC is the sum of transaction and monitoring costs ($ ha-1 year-1) and 283 
PFEi is the profitability at full equity ($ ha-1) of the current agricultural land use in site i (Marinoni et al., 284 
2012).  285 
Finally, we converted the NPV in each site to the equal annual equivalent:  
286 
1)1(
)1(
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r
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NPVEAE . 287 
Spatial analyses were conducted using ArcMap version 10 (ESRI, 2011), the discounted cash flow 288 
analysis was implemented using MATLAB version 7.10.0.499 (2010), and results were analysed using 289 
the R statistical package version 2.15.0 (R Development Core Team, 2012). 290 
4. Results 291 
4.1. Break-even carbon prices 292 
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We calculated the minimum price required for carbon farming to become profitable to gain an 293 
understanding of the size of payment necessary ($ t CO2e-1) to encourage landholder adoption of ANR or 294 
environmental plantings in our study region. The ‘break-even’ carbon price p occurs when the NPV 295 
(Equation 4) is equal to 0. A positive break-even price indicates that an annual payment is required to 296 
stimulate conversion from agriculture to carbon farming, whereas a negative break-even price signifies 297 
that the current agricultural land use is producing negative economic returns and a conversion to carbon 298 
farming could occur at no cost.  299 
Overall, the average site-level break-even carbon price (T=100) was considerably lower for ANR ($65.8  t 300 
CO2e-1) as compared to environmental plantings ($108.8  t CO2e-1, Figure 2). The break-even price varied 301 
according to land use (Figure S2), whereby environmental plantings were generally more economically 302 
viable on sites where cropping was the dominant land use ($99.9  t CO2e-1) compared to sites on native 303 
pasture ($109.5  t CO2e-1). Environmental plantings on former rainforest sites broke even for $153.0  t 304 
CO2e-1 on average. These averaged estimates mask much of the spatial heterogeneity in the break-even 305 
carbon price across the study extent (Figure 2).  Low break-even prices were more frequent in the 306 
relatively productive east of the study region, and several areas in the central eastern coast have similar 307 
break-even prices under either methodology. Over the 25 year project duration, average break-even 308 
estimates for ANR increased to $76.1  t CO2e-1, and to $141.5 for environmental plantings.  309 
4.2. Carbon sequestration 310 
Using the break-even prices estimated previously for all sites in our study extent, we generated supply 311 
curves for carbon sequestration using ANR and environmental plantings under the two project durations 312 
(Figure 3). We also present a third ‘least cost’ curve which is derived by selecting the methodology with 313 
the lowest break-even price in each site. This portfolio comprises of sites where environmental planting is 314 
the only available carbon farming methodology (where the land use is either cropping or former 315 
rainforest), in addition to sites where ANR is the more cost-effective of the two possible carbon 316 
methodologies.  317 
With a low carbon price of $5  t CO2e-1(similar to the currently trading price in the European market), 318 
only 63 Mt CO2e could be sequestered over 100 years by considering environmental plantings alone 319 
(Figure 3a). ANR could supply 110 Mt CO2e at this price, and a total of 123 Mt CO2-e could be 320 
sequestered if the ‘least cost’ methodology was adopted in each site (Table 1).   321 
At a moderate carbon price of $20 t CO2e-1, it is feasible for around 243 Mt CO2e to be sequestered by a 322 
mixture of ANR and environmental plantings over 100 years.  Carbon farming becomes more viable 323 
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under a high carbon price of $50 t CO2e-1 (comparable to the estimated price required to induce 324 
significant cuts in emissions, Pezzey and Jotzo, 2013), with around 1,825 Mt CO2e that could be supplied 325 
using a combination of ANR and environmental plantings. ANR however could viably sequester 1,664 326 
Mt CO2e at this price, whereas carbon farming via environmental plantings alone could supply 770 Mt 327 
CO2e over 100 years.   328 
Carbon sequestration supply over the 25 year project duration was less than half of what could be 329 
achieved over 100 years for each of our hypothetical carbon prices. A total of 710 Mt CO2e could be 330 
sequestered with a of $50 t CO2e-1 carbon price with a combination of ANR and environmental plantings 331 
(Figure 3b).   Supply of carbon sequestration via ANR was relatively insensitive to discounting due to 332 
negligible establishment costs, whereas a high discount rate (10%) increased the disparity evident in the 333 
economic viability of environmental plantings relative to ANR (Figure S3).  334 
4.3. Economic returns under hypothetical carbon price scenarios 335 
Carbon farming was competitive with agriculture over a fairly limited spatial extent under low and 336 
moderate carbon prices (Figure 5). Environmental plantings was viable over 372,500 ha (1.2% study 337 
extent), while ANR viable was over approximately twice that area (626,400 ha) with $5 t CO2e-1.  338 
Increasing to a moderate $20 t CO2e-1, the area viable for carbon farming increased marginally to 568,700 339 
ha and 1,088,200 ha for environmental plantings and ANR respectively.  340 
With a $50 t CO2e-1 carbon price, carbon farming via ANR alone was competitive with agriculture over 341 
9.8 million hectares, or 32.3% of the study extent, and could generate $503 M per year over 100 years. 342 
Environmental plantings alone was viable across 3.1 million ha (10.2% study extent) and generated less 343 
than half of the economic returns possible under ANR ($212 M per year). When we considered the ‘least 344 
cost’ methodology in each site, ANR generated the vast majority of economic returns, holding the market 345 
share of between 83 and 96% of total net present value over 100 years, under each of our carbon price 346 
scenarios and discount rates (Table 1). Assuming the ‘least cost’ methodology was adopted in each site, 347 
the total area viable for carbon farming and carbon sequestered at this price was actually comparable 348 
under both 1.5% and 10% discount rates with a carbon price of $20 t CO2e-1 or more. Environmental 349 
plantings were more attractive with a lower discount rate, and subsequently made up a greater proportion 350 
of the market (Table 1).  However, a high discount rate resulted in the ‘least cost’ supply curve shifting 351 
upwards, reducing the overall viability of carbon farming (Figure S3).  352 
Annual economic returns over the 25 year project duration ranged between 69% and 94% of what could 353 
be achieved over 100 years for carbon prices of $50 and $5 t CO2e-1 respectively. The proportion of 354 
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economic returns via ANR was slightly higher over the shorter project duration (Table 1). However, the 355 
total area viable for carbon farming was largely unaffected by project duration (Figure S4).  356 
4.4. Impact of variation in establishment costs
 
 357 
When we considered a high establishment cost for ANR, the average break-even price for this 
358 
methodology increased from $65.8 to $80.0 tCO2e-1. However, this was still less than the average break-
359 
even price for environmental plantings with both low ($83.1 tCO2e-1 ) and high establishment costs 
360 
($134.4 tCO2e-1). 
361 
If a high establishment of $460ha-1 was incurred for ANR across all eligible sites, the supply of carbon 
362 
via this methodology would decrease from 1,664 to 1,251 Mt CO2e (25%) over 100 years, assuming a $50 
363 
t CO2e-1 carbon price (Figure 4a). The environmental plantings supply curve was highly sensitive to 
364 
variation in establishment costs (Figure 4b), with an increase from $2,000ha-1 to $3,000ha-1 leading to a 
365 
reduction in carbon supply from 770 to 342 Mt CO2e (56%) over 100 years.  
366 
However, when the ‘least cost’ methodology was considered in each site (Figure 4c), variation in the 
367 
establishment cost for environmental plantings had a minimal impact on the overall supply of carbon, 
368 
since ANR was the most viable methodology in the majority of sites in our study region. At a $50 t CO2e-
369 
1 carbon price, a high establishment cost for environmental plantings reduced overall carbon supply from 
370 
1,824 to 1,752 Mt CO2e (4%). ANR retained the market share when we considered an optimistic low 
371 
establishment cost for environmental plantings (83-84% for all carbon price scenarios), and also under a 
372 
high ANR establishment cost (87% for all carbon price scenarios). 
373 
5. Discussion 374 
Carbon farming in agricultural landscapes presents an important opportunity to deliver biodiversity, 375 
financial and social co-benefits alongside terrestrial carbon abatement (Lin et al., 2013). Identifying low-376 
cost options for carbon abatement which can contribute to biodiversity conservation and other co-benefits 377 
is a high priority (Bryan et al., 2014; Gilroy et al., 2014; Nelson et al., 2008; Phelps et al., 2012). Our 378 
study has highlighted the potential for carbon farming to establish as a viable land use in agricultural 379 
landscapes in north-eastern Australia. In particular, our research illustrates the ability of ANR to provide a 380 
cost-effective alternative to environmental plantings for sequestering carbon and providing biodiversity 381 
co-benefits in areas of intermediate levels of degradation.  382 
In our Queensland study region, we found that carbon farming was a viable alternative to agricultural 383 
production across a fairly limited spatial extent under low and moderate carbon prices. Nonetheless, this 384 
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is still a significant result as it highlights the marginal economic nature of the dominant grazing land use 385 
in some parts of the landscape. The level of payments delivered either by an appropriate incentive scheme 386 
or a market price on carbon would only need to be minimal to stimulate adoption of carbon farming in 387 
such areas, but would provide an alternative viable land use as well as deliver environmental and 388 
biodiversity co-benefits. Under a scenario where carbon is priced at a level needed to stimulate significant 389 
cuts in global greenhouse gas emissions ($50 t CO2e-1, Pezzey and Jotzo, 2013), carbon farming could 390 
become a viable land use across up to 10.5 million hectares of agricultural landscapes (34% of our study 391 
extent), and sequester 1825 Mt CO2e over 100 years.  These findings demonstrate the importance of 392 
gaining an understanding of future land use change across a range of possible scenarios, in order to 393 
inform the development of policies which will have implications for climate mitigation, agriculture and 394 
biodiversity conservation.   395 
Our study is the first to quantify the economic and carbon sequestration opportunities derived from 396 
assisted natural regeneration of vegetation in Australian agricultural landscapes, and one of few 397 
internationally (Birch et al., 2010; Funk et al., 2014; Gilroy et al., 2014).  We found that where it is 398 
possible, ANR was almost always a more cost-effective methodology for sequestering carbon than the 399 
direct planting of trees. Environmental plantings were competitive with ANR on areas of native pasture 400 
only when the discount rate was very low, or in the situation where the cost of establishing environmental 401 
plantings is very low ($1000 ha-1), and a high establishment cost ($460 ha-1) is assumed for ANR. It is 402 
unlikely that the establishment cost of an ANR project would be as high as $460 ha-1, particularly in our 403 
study region where regeneration can be facilitated simply by ceasing to re-clear regrowth vegetation 404 
(Dwyer et al., 2009; Fensham and Guymer, 2009). 405 
Previous studies which have examined the economics of carbon farming via environmental plantings have 406 
found that the viability of this methodology is highly sensitive to variation in establishment cost (Polglase 407 
et al., 2013). Under one particular scenario evaluated by Polglase and colleagues, ($20 t CO2e-1, 5% 408 
discount rate), the area profitable for environmental plantings across Australia declined from 32 M ha to 409 
only 1M ha when the establishment cost was increased from $1000 ha-1 to $3000 ha-1. Our results were 410 
also sensitive to changes in the establishment cost, but the overall viability of carbon farming was 411 
affected minimally when accounting for the option of ANR. In our study region, we found that the area 412 
viable for carbon farming using environmental plantings alone halved under the same circumstances 413 
(868,600 ha to 387,700 ha). However, when we considered environmental plantings in combination with 414 
ANR, the reduction in total viable area was just under 10% (1.3 M ha to 1.2 M ha), as ANR was more 415 
viable methodology in the vast majority of sites and contributed the greatest proportion of economic 416 
15 
 
returns. Since ANR establishment costs are largely negligible, carbon sequestration supply and economic 417 
returns generated using this methodology are likely to be more robust to variable economic conditions.   418 
The amount of carbon which could profitably be sequestered using ANR was roughly twice the amount 419 
possible if only environmental plantings were considered. A $50 t CO2e-1 carbon price could incentivize 420 
the sequestration of 1,664 Mt CO2e using ANR, whereas environmental plantings alone could supply 770 421 
Mt CO2e over 100 years.  Environmental plantings are still an important methodological option for carbon 422 
farming, particularly in areas where natural regenerative capacity has been diminished to the point where 423 
ANR is not viable. However, our findings do indicate that ANR holds considerable potential for restoring 424 
vegetation in agricultural landscapes, particularly when the costs associated with establishing 425 
environmental plantings are high or uncertain.  Our study contributes to a growing body of work which 426 
demonstrate the potential for ANR as a low-cost reforestation methodology which can benefit 427 
biodiversity conservation alongside carbon sequestration (Birch et al., 2010; Funk et al., 2014; Gilroy et 428 
al., 2014), in a literature which has so far been dominated by studies focused predominantly on 429 
environmental plantings and fast-growing monocultures (Bryan et al., 2014; Bryan and Crossman 2013; 430 
Carwardine et al., In press; Crossman et al., 2011; Paul et al., 2013; Polglase et al., 2013;  Renwick et al. 431 
2014).   432 
While the biodiversity value of regrowth or secondary forests may generally not be as high as in 433 
unmodified forest (Álvarez-Yépiz et al., 2008; Gibson et al., 2011; Sampaio et al., 2007), ANR has a key 434 
role to play as a pragmatic forest restoration method which can cost-effectively sequester carbon and 435 
restore biodiversity in landscapes of intermediate levels of degradation (Gillroy et al., 2014; Shono et al., 436 
2007).  Restoration of deforestated landscapes can provide crucial habitat for highly threatened species 437 
(Bowen et al., 2009; Butler, 2009; Munro et al., 2007), by supplementing important refugia (Shoo et al., 438 
2011) and enhancing structural complexity (Munro et al., 2009; Woinarski et al., 2009).  The outcomes of 439 
restoration are highly dependent on geographic and historical context (Suding, 2011), and it should be 440 
noted that ANR is most suitable for restoring areas where some level of natural succession is in progress 441 
(Chazdon, 2008; Shono et al., 2007). In our study region, it has been shown that management history can 442 
affect density of regrowth and rates of recovery in Brigalow forest (Dwyer et al., 2010a). Management of 443 
fire and grazing will play an important role in forest regeneration. In some instances fire may be useful 444 
for thinning which has been demonstrated to enhance growth rates in some forest types in Australian 445 
rangeland s (Dwyer et al 2010b). Likewise, the management of grazing pressure will be important to 446 
allow early establishment of trees. In regions which also contain high fuel load exotic grasses, grazing 447 
may also be necessary to manage fire risk.     448 
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It is important to consider some caveats to our approach. We have assumed that monitoring costs are 449 
incurred annually, whereas carbon farming projects often have a defined crediting period (15 years for 450 
reforestation projects under the CFI) (Commonwealth of Australia, 2012a). Monitoring costs could be 451 
reduced by undertaking measurements of carbon stocks at longer intervals (Cacho et al., 2012).  Carbon 452 
farming offers considerable economies of scale (Cacho et al., 2013; Charnley et al., 2010) which we have 453 
not accounted for here.  While some establishment and management costs are proportional to project size 454 
(tube stock, pest management), many components of market participation and transaction costs are fixed. 455 
It is therefore likely that carbon farming projects will be more profitable over large areas, for example 456 
where several landholders could collaborate, thereby reducing management and transaction costs 457 
(Polglase et al., 2013). Such economies of scale may be particularly significant for the ANR 458 
methodology, given there is no need for intensive restoration of vegetation and where fencing is needed, 459 
the cost will scale in proportion to project area (Schirmer and Field, 2000).  460 
We have also assumed the full opportunity cost of agricultural production is incurred to establish carbon 461 
farming on a property, but this is likely an overestimate. Grazing by livestock is permitted on sites with 462 
environmental plantings 3 years after project establishment (Commonwealth of Australia, 2012c), and on 463 
ANR sites once forest cover has been re-established (Commonwealth of Australia, 2013b) or earlier if 464 
evidence can be provided that grazing has not prevented the regrowth of native forest (Commonwealth of 465 
Australia, 2013a). Future analyses should factor in a model of diminishing returns from grazing as a 466 
function of vegetation growth rate (Scanlan, 1991), so as to better understand the costs and benefits of 467 
ANR versus environment plantings. We have also not accounted for the cost savings associated with 468 
ceasing re-clearing of regrowth vegetation in this study, which could make ANR an even more attractive 469 
option in landscapes with high natural regenerative capacity (Dwyer et al., 2009; Gowen et al., 2012). 470 
Such an analysis will need to take into consideration the variation in regrowth clearing costs, which are 471 
dependent on the local dominant vegetation.  472 
A potential source of uncertainty in our results is the error contained within the agricultural profitability 473 
layer (Marinoni et al., 2012) which we used as a proxy for the opportunity cost of carbon farming. Two 474 
main sources of uncertainty are inherent in spatial estimates of agricultural profitability: mapping 475 
uncertainty, and estimation uncertainty (Bryan et al., 2009). Mapping uncertainty emerges due to 476 
inaccuracies in the underlying land use data layer, as well as the use of NDVI mapping as a proxy for 477 
agricultural yield. Estimation uncertainty is mainly due to the temporal and spatial variability of 478 
individual parameters of the agricultural commodity profit function, particularly costs, which cannot be 479 
fully captured over large geographical areas and for multiple commodities (Bryan et al., 2011).  It should 480 
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also be noted that Marinoni et al., (2012) derived estimates of agricultural profitability for the year 481 
2005/2006, which was a time of drought in our Queensland case study region. The viability of the beef 482 
industry in particular was affected during this time (ABARE, 2009), resulting in some negative estimates 483 
of profitability mainly in the south-west of our study extent (Marinoni et al., 2012).  Our central finding 484 
of the economic viability of ANR relative to environmental plantings should be robust to this source of 485 
uncertainty, given that 89% of our study extent is devoted to livestock grazing on native pastures, and any 486 
price volatility due to drought would affect this landscape fairly evenly. We therefore expect that the 487 
overall impacts of uncertainties in agricultural profitability estimates are low, and do not change the 488 
general conclusions of our study.  489 
We considered the influence of project duration on the viability of carbon farming, as it is clear that in 490 
addition to policy risk and market uncertainty, long-term contracts can present a significant barrier to 491 
private landholder participation (Ando and Chen, 2011; Charnley et al., 2010; Mitchell et al., 2012).  In 492 
our analysis, we found that the total area viable for carbon farming and the annual economic returns over 493 
a 25 year project duration did not differ substantially to what was expected over 100 years. Although this 494 
result was of course influenced by discounting, this effect was diminished by the predominance of the 495 
low-cost ANR methodology.  Our findings suggest that the 25 year contract option would offer a similar 496 
degree of financial benefit compared to a long term contract, despite the proposed 20% discount on 497 
credits earned over a 25 year project duration (Australian Government, 2014),. However, a key 498 
consequence of this shorter contract option is that approximately half as much carbon would be 499 
sequestered relative to a 100 year carbon farming project.  Reducing barriers to landholder participation in 500 
carbon farming schemes does not necessarily mean that only short contracts should be offered, as 501 
establishing a carbon farming project requires long term investment, and the carbon sequestration and 502 
biodiversity benefits from restoring vegetation increase over time. Alternatives to strict long-term 503 
permanence obligations such as insurance policies and premiums (van Oosterzee et al., 2012) and 504 
arrangements where the contract duration is selected based on a sliding scale with the estimated risk of 505 
project reversal (Macintosh, 2012) deserve further investigation. 506 
In our analysis, we have demonstrated the economic viability of ANR relative to environmental plantings 507 
in Australian agricultural landscapes for the first time. An important future extension to this work would 508 
be to explicitly consider the expected biodiversity benefits derived from ANR to understand how the 509 
supply of carbon sequestration and contribution to biodiversity conservation can be jointly maximized. 510 
Targeted payments to areas of high conservation value could augment economic returns from carbon 511 
farming to facilitate ‘win-win’ carbon and biodiversity outcomes (Bryan et al., 2014; Carwardine et al., In 512 
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press; Crossman et al., 2011; Nelson et al., 2008; Phelps et al., 2012).  However, trade-offs exist between 513 
biodiversity and carbon sequestration potential over both space and time.  While above-ground carbon 514 
storage generally increases in a monotonic fashion as stands age and mature (Law et al., 2001; 515 
Stephenson et al., 2014),  it can take  substantially more time for regrowth vegetation to provide habitat 516 
values similar to mature remnant vegetation (Hatanaka et al., 2011; Woinarski et al., 2009). Carbon 517 
sequestration potential, biodiversity values and opportunity costs are unevenly distributed throughout 518 
landscapes (Crossman et al., 2011; Nelson et al., 2008). An important area of future research would be to 519 
determine how biodiversity co-benefits can be delivered alongside the economic and carbon sequestration 520 
benefits generated by the carbon market, while taking into account these potential trade-offs. In particular, 521 
future work should specifically focus on how the cost efficiencies of ANR could deliver improved 522 
outcomes for biodiversity relative to what is possible with environmental plantings, as examined by 523 
previous studies (Bryan et al., 2014; Carwardine et al., In press; Crossman et al., 2011).   524 
Despite the requirement for carbon sinks to remain in place over a very long timeframe, consideration of 525 
future global change and associated risks to carbon farming projects are noticeably absent in current 526 
Australian carbon farming policy. We have calculated the economic viability of carbon farming using a 527 
discounted cash flow analysis, but such a deterministic methodology is unable to account for the 528 
uncertainties inherent over long time frames in the face of climate change (Dobes, 2008; Stafford Smith et 529 
al., 2011).  Future carbon prices are subject to high uncertainty and fluctuations, as evidenced by the 2012 530 
crash of the carbon price in the European market and recent climate policy changes in Australia The costs 531 
and benefits of offsets are rarely considered within a climate adaptation framework, and in particular, the 532 
projected climate impacts on offset projects which aim to mitigate the effects of climate change are often 533 
unaccounted for. Unless analyzed appropriately, mitigation responses to climate change could ultimately 534 
prove to be maladaptive in the future. A key research gap therefore exists on how to analyze the costs and 535 
benefits of offset projects in the face of uncertainty. 536 
6. Conclusions 537 
Carbon farming in agricultural landscapes presents an important opportunity to deliver biodiversity, 538 
financial and social co- benefits alongside carbon abatement. Although carbon farming is only one of 539 
many policy options available to stimulate abatement of greenhouse gas emissions, it is an active policy 540 
space in Australia (Australian Government, 2014; Bradshaw et al., 2013; Bryan et al., 2014), New 541 
Zealand (Funk et al., 2014; Trotter et al., 2005), Canada (Anderson et al., 2014; van Kooten et al., 2000) 542 
and internationally (Benítez et al., 2007; Gilroy et al. 2014; Ma et al., 2014).  543 
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We have presented the first spatially explicit assessment of potential carbon supply via assisted natural 544 
regeneration relative to environmental plantings, in a region which is significant for its biodiversity values 545 
as well as its rural history (Dwyer et al., 2009; McAlpine et al., 2002; Seabrook et al., 2006). Our findings 546 
show that carbon farming is a viable alternative to agricultural production in the marginal areas within our 547 
study region even with low and moderate carbon prices, whereas a $50 t CO2e-1 carbon price could make 548 
over 10 million hectares of land attractive for carbon sequestration projects.   549 
Crucially, the vast majority of carbon sequestration and economic potential of carbon farming in our 550 
study region is derived from assisted natural regeneration. In addition to providing a low-cost option for 551 
terrestrial carbon sequestration, there is considerable potential for ANR  to make an important 552 
contribution to biodiversity conservation within modified agricultural landscapes (Bowen et al., 2009; 553 
Butler, 2009; Martin and McIntyre, 2007; McAlpine et al., 2002).   554 
Acknowledgements 555 
We wish to thank Tim Capon, Rebecca Gowen, Andrew Macintosh, Stuart Whitten and Rochelle 556 
Christian for helpful discussions around this work. Sue McIntyre and Karen Hussey gave important 557 
feedback on an earlier version of the manuscript. Oswald Marinoni provided an updated agricultural 558 
profitability dataset. We also thank Jeff Hanson for advice with the spatial analysis. This research was 559 
conducted with the support of funding from the Australian Government’s National Environmental 560 
Research Program and an Australian Research Council Centre of Excellence for Environmental 561 
Decisions. M.C.E was supported by an Australian Postgraduate Award and a CSIRO Climate Adaptation 562 
Flagship scholarship. K.A.W was supported by an Australian Research Council Future Fellowship.  563 
H.P.P. was supported by an ARC Federation Fellowship. J.C was supported by CSIRO’s Climate 564 
Adaptation and Sustainable Agriculture and Forestry Flagships.  565 
References 566 
ABARE, 2009. Australian beef 09.1. Commonwealth of Australia, Canberra. 567 
ABARE–BRS, 2010. Land Use of Australia, Version 4, 2005–06 dataset.  568 
ABARES, 2010. Australian Land Use and Management Classification Version 7 (May 2010) 569 
ABARES, 2013. Australian farm survey results 2010–11 to 2012–13. Australian Bureau of Agricultural 570 
and Resource Economics and Sciences, Canberra. 571 
Álvarez-Yépiz, J.C., Martínez-Yrízar, A., Búrquez, A., Lindquist, C., 2008. Variation in vegetation 572 
structure and soil properties related to land use history of old-growth and secondary tropical dry forests in 573 
northwestern Mexico. Forest Ecology and Management 256, 355–366. 574 
20 
 
Anderson, J.A., Long, A., Luckert, M.K., 2014. A financial analysis of establishing poplar plantations for 575 
carbon offsets using Alberta and British Columbia’s afforestation protocols. Can. J. For. Res. 576 
doi:10.1139/cjfr-2014-0097 577 
Ando, A.W., Chen, X., 2011. Optimal contract lengths for voluntary ecosystem service provision with 578 
varied dynamic benefit functions. Conservation Letters 4, 207–218. 579 
Asner, G.P., Archer, S., Hughes, R.F., Ansley, R.J., Wessman, C.A., 2003. Net changes in regional 580 
woody vegetation cover and carbon storage in Texas Drylands, 1937–1999. Global Change Biology 9, 581 
316–335. 582 
Australian Government, 2014. Emissions Reduction Fund - White paper.  583 
Bekessy, S.A., Wintle, B.A., 2008. Using carbon investment to grow the biodiversity bank. Conservation 584 
Biology 22, 510–513. 585 
Benítez, P.C., McCallum, I., Obersteiner, M., Yamagata, Y., 2007. Global potential for carbon 586 
sequestration: Geographical distribution, country risk and policy implications. Ecological Economics 60, 587 
572–583. doi:10.1016/j.ecolecon.2005.12.015 588 
Birch, J.C., Newton, A.C., Aquino, C.A., Cantarello, E., Echeverría, C., Kitzberger, T., Schiappacasse, I., 589 
Garavito, N.T., 2010. Cost-effectiveness of dryland forest restoration evaluated by spatial analysis of 590 
ecosystem services. Proceedings of the National Academy of Sciences of the United States of America 591 
107, 21925–30. 592 
Biryahwaho, B., Misiko, M., Tefera, H., Tofu, A., 2012. Institutional innovations in African smallholder 593 
carbon projects. Case Study: Humbo Ethiopia Assisted Natural Regeneration Project. CGIAR Research 594 
Program on Climate Change, Agriculture and Food Security (CCAFS). 595 
Bloomfield, J., Pearson, H.L., 2000. Land Use, Land-Use Change, Forestry, and Agricultural Activities in 596 
the Clean Development Mechanism: Estimates of Greenhouse Gas Offset Potential. Mitigation and 597 
Adaptation Strategies for Global Change 5, 9–24. 598 
Bowen, M.E., McAlpine, C. a., Seabrook, L.M., House, A.P.N., Smith, G.C., 2009. The age and amount 599 
of regrowth forest in fragmented brigalow landscapes are both important for woodland dependent birds. 600 
Biological Conservation 142, 3051–3059. 601 
Bradshaw, C.J.A., Bowman, D.M.J.S., Bond, N.R., Murphy, B.P., Moore, A.D., Fordham, D.A., 602 
Thackway, R., Lawes, M.J., McCallum, H., Gregory, S.D., Dalal, R.C., Boer, M.M., Lynch, A.J.J., 603 
Bradstock, R.A., Brook, B.W., Henry, B.K., Hunt, L.P., Fisher, D.O., Hunter, D., Johnson, C.N., Keith, 604 
D.A., Lefroy, E.C., Penman, T.D., Meyer, W.S., Thomson, J.R., Thornton, C.M., VanDerWal, J., 605 
Williams, R.J., Keniger, L., Specht, A., 2013. Brave new green world – Consequences of a carbon 606 
economy for the conservation of Australian biodiversity. Biological Conservation 161, 71–90. 607 
Bruton, M.J., McAlpine, C.A., Maron, M., 2013. Regrowth woodlands are valuable habitat for reptile 608 
communities. Biological Conservation 165, 95–103. doi:10.1016/j.biocon.2013.05.018 609 
21 
 
Bryan, B.A., Nolan, M., Harwood, T.D., Connor, J.D., Navarro-Garcia, J., King, D., Summers, D.M., 610 
Newth, D., Cai, Y., Grigg, N., Harman, I., Crossman, N.D., Grundy, M.J., Finnigan, J.J., Ferrier, S., 611 
Williams, K.J., Wilson, K.A., Law, E.A., Hatfield-Dodds, S., 2014. Supply of carbon sequestration and 612 
biodiversity services from Australia’s agricultural land under global change. Global Environmental 613 
Change 28, 166–181. doi:10.1016/j.gloenvcha.2014.06.013  614 
Bryan, B.A., Crossman, N.D., 2013. Impact of multiple interacting financial incentives on land use 615 
change and the supply of ecosystem services. Ecosystem Services 4, 60–72. 616 
Bryan, B.A., Hajkowicz, S., Marvanek, S., Young, M.D., 2009. Mapping Economic Returns to 617 
Agriculture for Informing Environmental Policy in the Murray–Darling Basin, Australia. Environ Model 618 
Assess 14, 375–390. 619 
Bryan, B.A., King, D., Ward, J.R., 2011. Modelling and mapping agricultural opportunity costs to guide 620 
landscape planning for natural resource management. Ecological Indicators 11, 199–208. 621 
Bullock, J.M., Aronson, J., Newton, A.C., Pywell, R.F., Rey-Benayas, J.M., 2011. Restoration of 622 
ecosystem services and biodiversity: conflicts and opportunities. Trends in Ecology & Evolution. 623 
Butler, D.W., 2009. Planning iterative investment for landscape restoration: Choice of biodiversity 624 
indicator makes a difference. Biological Conservation 142, 2202-2216. 625 
Cacho, O.J., Hean, R.L., Wise, R.M., 2012. Carbon-accounting methods and reforestation incentives. The 626 
Australian Journal of Agricultural and Resource Economics 47, 153–179. 627 
Cacho, O.J., Lipper, L., Moss, J., 2013. Transaction costs of carbon offset projects: A comparative study. 628 
Ecological Economics. doi:10.1016/j.ecolecon.2012.12.008 629 
Carwardine, J., Hawkins, C., Polglase, P., Possingham, H.P., Reeson, A., Renwick, A., Watts, M., Martin, 630 
T.G., In press. Spatial priorities for restoring biodiverse carbon forests. BioScience. 631 
Catterall, C.P., Harrison, D.A., 2006. Rainforest Restoration Activities in Australia’s Tropics and 632 
Subtropics. Cooperative Research Centre for Tropical Rainforest Ecology and Management. Rainforest 633 
CRC., Cairns, Australia. 634 
Charnley, S., Diaz, D., Gosnell, H., 2010. Mitigating Climate Change Through Small-Scale Forestry in 635 
the USA: Opportunities and Challenges. Small-scale Forestry 9, 445–462. 636 
Chazdon, R.L., 2008. Beyond deforestation: restoring forests and ecosystem services on degraded lands. 637 
Science 320, 1458–60. 638 
Climate Commission, 2013. The Critical Decade: Global Action Building On Climate Change. 639 
Independent report to the Australian Government. 640 
Comerford, E., Norman, P., Le Grand, J., 2011. Report on the Project: Economics of Carbon Forestry in 641 
Queensland. Queensland Department of Environment and Resource Management, Brisbane. 642 
Commonwealth of Australia, 2011. Carbon Credits (Carbon Farming Initiative) Act 2011. 643 
22 
 
Commonwealth of Australia, 2012a. The Carbon Farming Initiative Handbook. Canberra. 644 
Commonwealth of Australia, 2012b. Australian National Greenhouse Accounts: National Inventory 645 
Report 2010 Volume 2.Canberra. 646 
Commonwealth of Australia, 2012c. Carbon Farming (Quantifying Carbon Sequestration by Permanent 647 
Environmental Plantings of Native Species using the CFI Reforestation Modelling Tool) Methodology 648 
Determination 2012 - F2012L01340. Department of Climate Change and Energy Efficiency, Canberra, 649 
Australia. 650 
Commonwealth of Australia, 2013a. Carbon Credits (Carbon Farming Initiative) (Native Forest from 651 
Managed Regrowth) Methodology Determination 2013 - F2013L02036. Department of the Environment, 652 
Canberra, Australia. 653 
Commonwealth of Australia, 2013b. Carbon Credits (Carbon Farming Initiative) (Human Induced 654 
Regeneration of a Permanent Even-Aged Native Forest—1.1) Methodology Determination 2013 - 655 
F2013L01189. Department of the Environment, Canberra, Australia. 656 
Commonwealth of Australia, 2014. Australian National Greenhouse Accounts: National Inventory Report 657 
2012 Volume 2. Canberra.Crossman, N.D., Bryan, B.A., Summers, D.M., 2011. Carbon payments and 658 
low-cost conservation. Conservation Biology 25, 835–45. 659 
Deichmann, U., Zhang, F., 2013. Farms and Forests, in: Growing Green: The Economic Benefits of 660 
Climate Action. World Bank Publications, pp. 341–385. 661 
Department of Climate Change & Energy Efficiency, 2004. Maximum Potential Biomass (Maxbio). 662 
Department of the Environment, 2014. Emissions Reduction Fund exposure draft legislation [WWW 663 
Document]. URL http://www.environment.gov.au/node/35987 (accessed 5.28.14). 664 
Department of Environment and Resource Management, 2009. Vegetation Cover 2006b for Queensland 665 
Version 6.0b (November 2009). 666 
Dobes, L., 2008. Getting Real about Adapting to Climate Change : Using “ Real Options ” to Address the 667 
Uncertainties. Agenda 3, 55–69. 668 
Domestic Offsets Integrity Committee, 2011. Endorsement of the Methodology for Quantifying Carbon 669 
Dioxide Sequestration by Permanent Environmental Plantings of Native Species using the CFI 670 
Reforestation Modelling Tool. 671 
Dwyer, J.M., Fensham, R.J., Butler, D.W., Buckley, Y.M., 2009. Carbon for conservation: Assessing the 672 
potential for win–win investment in an extensive Australian regrowth ecosystem. Agriculture, 673 
Ecosystems & Environment 134, 1–7. 674 
Dwyer, J.M., Fensham, R.J., Buckley, Y.M., 2010a. Agricultural legacy, climate, and soil influence the 675 
restoration and carbon potential of woody regrowth in Australia. Ecological Applications, 20, 1838–50. 676 
23 
 
Dwyer J.M., Fensham, R.,  Buckley, Y.M. 2010b. Restoration thinning accelerates structural development 677 
and carbon sequestration in an endangered Australian ecosystem. Journal of Applied Ecology, 47, 681-678 
691. 679 
ESRI, 2011. ArcGIS Desktop: Release 10. Environmental Systems Research Institute, Redlands, CA. 680 
Fensham, R.J., Guymer, G.P., 2009. Carbon accumulation through ecosystem recovery. Environmental 681 
Science & Policy 12, 367–372. 682 
Fischer, J., Stott, J., Zerger, A., Warren, G., Sherren, K., Forrester, R.I., 2009. Reversing a tree 683 
regeneration crisis in an endangered ecoregion. PNAS 106, 10386–10391. 684 
Funk, J.M., Field, C.B., Kerr, S., Daigneault, A., 2014. Modeling the impact of carbon farming on land 685 
use in a New Zealand landscape. Environmental Science & Policy 37, 1–10. 686 
doi:10.1016/j.envsci.2013.08.008 687 
Galatowitsch, S.M., 2009. Carbon Offsets as Ecological Restorations. Restoration Ecology 17, 563–570. 688 
Gibson, L., Lee, T.M., Koh, L.P., Brook, B.W., Gardner, T.A., Barlow, J., Peres, C.A., Bradshaw, C.J.A., 689 
Laurance, W.F., Lovejoy, T.E., Sodhi, N.S., 2011. Primary forests are irreplaceable for sustaining tropical 690 
biodiversity. Nature 478, 378–381. 691 
Gifford, R.M., 2000. Carbon Contents of Above-Ground Tissues of Forest and Woodland Trees. National 692 
Carbon Accounting System Technical Report No. 22. Australian Greenhouse Office, Canberra. 693 
Gilroy, J.J., Woodcock, P., Edwards, F.A., Wheeler, C., Baptiste, B.L.G., Medina Uribe, C.A., 694 
Haugaasen, T., Edwards, D.P., 2014. Cheap carbon and biodiversity co-benefits from forest regeneration 695 
in a hotspot of endemism. Nature Clim. Change 4, 503–507. doi:10.1038/nclimate2200 696 
Goldstein, J.H., Daily, G.C., Friday, J.B., Matson, P.A., Naylor, R.L., Vitousek, P., 2006. Business 697 
strategies for conservation on private lands: Koa forestry as a case study. PNAS 103, 10140–10145. 698 
doi:10.1073/pnas.0600391103 699 
Gowen, R., Rolfe, J., Donaghy, P., 2012. A bioeconomic model of carbon trading within an Australian 700 
grazing enterprise A bioeconomic model of carbon trading within an Australian grazing enterprise. 701 
Harrison, M., 2010. Valuing the Future: the social discount rate in cost-benefit analysis - Productivity 702 
Commission Visiting Researcher Paper. Productivity Commission. Canberra, Australia 703 
Hatanaka, N., Wright, W., Loyn, R.H., Mac Nally, R., 2011. “Ecologically complex carbon”– linking 704 
biodiversity values, carbon storage and habitat structure in some austral temperate forests. Global 705 
Ecology and Biogeography 20, 260–271. 706 
Kesteven, J., Landsberg, J., 2004. National Carbon Accounting System Technical Report No . 23 : Forest 707 
Productivity Model. 708 
Law, B. e., Thornton, P. e., Irvine, J., Anthoni, P. m., Van Tuyl, S., 2001. Carbon storage and fluxes in 709 
ponderosa pine forests at different developmental stages. Global Change Biology 7, 755–777. 710 
24 
 
Lin, B.B., Macfadyen, S., Renwick, A.R., Cunningham, S.A., Schellhorn, N.A., 2013. Maximizing the 711 
Environmental Benefits of Carbon Farming through Ecosystem Service Delivery. BioScience 63, 793–712 
803. 713 
Lindenmayer, D.B., Hulvey, K.B., Hobbs, R.J., Colyvan, M., Felton, A., Possingham, H., Steffen, W., 714 
Wilson, K., Youngentob, K., Gibbons, P., 2012. Avoiding bio-perversity from carbon sequestration 715 
solutions. Conservation Letters 5, 28–36. 716 
Ma, M., Haapanen, T., Singh, R.B., Hietala, R., 2014. Integrating ecological restoration into CDM 717 
forestry projects. Environmental Science & Policy 38, 143–153. doi:10.1016/j.envsci.2013.11.008 718 
Macintosh, A., 2012. The Carbon Farming Initiative : removing the obstacles to its success. CCLP 719 
Working Paper Series 2012 / 3. 720 
Macintosh, A., Waugh, L., 2012. An introduction to the Carbon Farming Initiative : Key principles and 721 
concepts. Environmental and Planning Law Journal 2, 439–461. 722 
Marinoni, O., Navarro Garcia, J., Marvanek, S., Prestwidge, D., Clifford, D., Laredo, L.A., 2012. 723 
Development of a system to produce maps of agricultural profit on a continental scale: An example for 724 
Australia. Agricultural Systems 105, 33–45. 725 
Martin, T.G., 2010. Grazing away our woodland birds, in: Lindenmayer, D., Bennett, A.F., Hobbs, R.J. 726 
(Eds.),  CSIRO Publishing, pp. 249–258. 727 
Martin, T.G., Catterall, C.P., Manning, A., Szabo, J., 2012. Australian Birds in a Changing Landscape: 728 
220 years of European colonization, in: Fuller, R.J. (Ed.),  Cambridge University Press, Cambridge, 729 
United Kingdom, pp. 453–480. 730 
Martin, T.G., McIntyre, S., 2007. Impacts of livestock grazing and tree clearing on birds of woodland and 731 
riparian habitats. Conservation biology : the journal of the Society for Conservation Biology 21, 504–14. 732 
MATLAB version 7.10.0.499, 2010. . The Mathworks, Natick, Massachusetts. 733 
McAlpine, C.A., Fensham, R.J., Temple-Smith, D.E., 2002. Biodiversity conservation and vegetation 734 
clearing in Queensland: principles and thresholds. The Rangeland Journal 24, 36–36. 735 
McIntyre, S., Martin, T.G., 2002. Managing intensive and extensive land uses to conserve grassland 736 
plants in sub-tropical eucalypt woodlands. Biological Conservation 107, 241–252. 737 
Mitchell, C.D., Harper, R.J., Keenan, R.J., 2012. Current status and future prospects for carbon forestry in 738 
Australia. Australian Forestry 75, 200–212. 739 
Munro, N.T., Fischer, J., Wood, J., Lindenmayer, D.B., 2009. Revegetation in agricultural areas: the 740 
development of structural complexity and floristic diversity. Ecological Applications 19, 1197–1210. 741 
Munro, N.T., Lindenmayer, D.B., Fischer, J., 2007. Faunal response to revegetation in agricultural areas 742 
of Australia: A review. Ecological Management & Restoration 8, 199–207. 743 
25 
 
Neldner, V.J., Wilson, B.A., Thompson, E.J., Dillewaard, H.A., 2005. Methodology for Survey and 744 
Mapping of Regional Ecosystems and Vegetation Communities in Queensland, Version 3.1. Brisbane. 745 
Nelson, E., Polasky, S., Lewis, D.J., Plantinga, A.J., Lonsdorf, E., White, D., Bael, D., Lawler, J.J., 2008. 746 
Efficiency of incentives to jointly increase carbon sequestration and species conservation on a landscape. 747 
Proceedings of the National Academy of Sciences 105, 9471–9476. 748 
Niles, J.O., Brown, S., Pretty, J., Ball, A.S., Fay, J., 2002. Potential carbon mitigation and income in 749 
developing countries from changes in use and management of agricultural and forest lands. Phil. Trans. R. 750 
Soc. Lond. A 360, 1621–1639. 751 
Paterson, S., Bryan, B.A., 2012. Food-Carbon Trade-offs between Agriculture and Reforestation Land 752 
Uses under Alternate Market-based Policies. Ecology and Society 17. 753 
Paul, K.I., Reeson, A., Polglase, P., Crossman, N., Freudenberger, D., Hawkins, C., 2013. Economic and 754 
employment implications of a carbon market for integrated farm forestry and biodiverse environmental 755 
plantings. Land Use Policy 30, 496–506. 756 
Peters-Stanley, M., Gonzalez, G., Yin, D., 2013. Covering New Ground: State of the Forest Carbon 757 
Markets 2013. Forest Trends’ Ecosystem Marketplace, Washington, D.C. 758 
Pezzey, J.C.V., Jotzo, F., 2013. Carbon tax needs thresholds to reach its full potential. Nature Climate 759 
Change 3, 1008–1011. 760 
Phelps, J., Webb, E.L., Adams, W.M., 2012. Biodiversity co-benefits of policies to reduce forest-carbon 761 
emissions. Nature Climate Change. 762 
Pichancourt, J.-B., Firn, J., Chadès, I., Martin, T.G., 2014. Growing biodiverse carbon-rich forests. Global 763 
Change Biology 20, 382–393. doi:10.1111/gcb.12345 764 
Pittock, J., Hussey, K., McGlennon, S., 2013. Australian Climate, Energy and Water Policies: conflicts 765 
and synergies. Australian Geographer 44, 3–22. 766 
Polglase, P., Paul, K., Hawkins, C., Siggins, A., Turner, J., Booth, T., Crawford, D., Jovanovic, T., 767 
Hobbs, T., Opie, K., Almeida, A., Carter, J., 2008. Regional Opportunities for Agroforestry Systems in 768 
Australia. 769 
Polglase, P.J., Reeson, A., Hawkins, C.S., Paul, K.I., Siggins, A.W., Turner, J., Crawford, D.F., 770 
Jovanovic, T., Hobbs, T.J., Opie, K., Carwardine, J., Almeida, A., 2013. Potential for forest carbon 771 
plantings to offset greenhouse emissions in Australia: economics and constraints to implementation. 772 
Climatic Change 121, 161–175. 773 
Prober, S.M., Standish, R.J., Wiehl, G., 2011. After the fence: vegetation and topsoil condition in grazed, 774 
fenced and benchmark eucalypt woodlands of fragmented agricultural landscapes. Aust. J. Bot. 59, 369–775 
381. 776 
R Development Core Team, 2012. R: A language and environment for statistical computing. R 777 
Foundation for Statistical Computing, Vienna, Austria. 778 
26 
 
Renwick, A.R., Robinson, C.J., Martin, T.G., May, T., Polglase, P., Possingham, H.P., Carwardine, J., 779 
2014. Biodiverse Planting for Carbon and Biodiversity on Indigenous Land. PLoS ONE 9, e91281. 780 
doi:10.1371/journal.pone.0091281  781 
Reserve Bank of Australia, 2014. URL: http://www.rba.gov.au/calculator/ (Last accessed 21st  September 782 
2014). 783 
Rey Benayas, J., 2007. Abandonment of agricultural land: an overview of drivers and consequences. CAB 784 
Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources 2. 785 
Rey Benayas, J.M., Newton, A.C., Diaz, A., Bullock, J.M., 2009. Enhancement of biodiversity and 786 
ecosystem services by ecological restoration: a meta-analysis. Science. 325, 1121–4. 787 
Richards, G.., Brack, C.., 2004. A continental biomass stock and stock change estimation approach for 788 
Australia. Australian Forestry 67, 284–288. 789 
Richards, K.R., Stokes, C., 2004. A Review of Forest Carbon Sequestration Cost Studies: A Dozen Years 790 
of Research. Climatic Change 63, 1–48. 791 
Sampaio, A.B., Holl, K.D., Scariot, A., 2007. Regeneration of Seasonal Deciduous Forest Tree Species in 792 
Long-Used Pastures in Central Brazil. Biotropica 39, 655–659. 793 
Scanlan, J.C., 1991. Woody overstorey and herbaceous understorey biomass in Acacia harpophylla 794 
(brigalow) woodlands. Austral Ecology 16, 521–529. 795 
Schirmer, J., Field, J., 2000. The Cost of Revegetation. ANU Forestry and FORTECH, Canberra. 796 
Seabrook, L., McAlpine, C., Fensham, R., 2006. Cattle, crops and clearing: Regional drivers of landscape 797 
change in the Brigalow Belt, Queensland, Australia, 1840–2004. Landscape and Urban Planning 78, 373–798 
385. 799 
Shono, K., Cadaweng, E.A., Durst, P.B., 2007. Application of Assisted Natural Regeneration to Restore 800 
Degraded Tropical Forestlands. Restoration Ecology 15, 620–626. 801 
Shoo, L.P., Storlie, C., Vanderwal, J., Little, J., Williams, S.E., 2011. Targeted protection and restoration 802 
to conserve tropical biodiversity in a warming world. Global Change Biology 17, 186–193. 803 
Silver, W.L., Ostertag, R., Lugo, A.E., 2000. The Potential for Carbon Sequestration Through 804 
Reforestation of Abandoned Tropical Agricultural and Pasture Lands. Restoration Ecology 8, 394–407. 805 
Smith, J., 2002. Afforestation and reforestation in the clean development mechanism of the Kyoto 806 
Protocol: implications for forests and forest people. International Journal of Global Environmental Issues 807 
2, 322–343. 808 
Smith, J., Scherr, S.J., 2003. Capturing the Value of Forest Carbon for Local Livelihoods. World 809 
Development 31, 2143–2160. 810 
27 
 
Snowdon, P., Eamus, D., Gibbons, P., Khanna, P., Keith, H., Raison, J., 2000. National Carbon 811 
Accounting System, Technical Report No . 17 Synthesis of Allometrics, Review of Root Biomass and 812 
Design of Strategies. 813 
Stafford Smith, M., Horrocks, L., Harvey, A., Hamilton, C., 2011. Rethinking adaptation for a 4°C world. 814 
Philosophical transactions. Series A, Mathematical, physical, and engineering sciences 369, 196–216. 815 
Stephenson, N.L., Das, A.J., Condit, R., Russo, S.E., Baker, P.J., Beckman, N.G., Coomes, D.A., Lines, 816 
E.R., Morris, W.K., Rüger, N., Álvarez, E., Blundo, C., Bunyavejchewin, S., Chuyong, G., Davies, S.J., 817 
Duque, Á., Ewango, C.N., Flores, O., Franklin, J.F., Grau, H.R., Hao, Z., Harmon, M.E., Hubbell, S.P., 818 
Kenfack, D., Lin, Y., Makana, J.-R., Malizia, A., Malizia, L.R., Pabst, R.J., Pongpattananurak, N., Su, S.-819 
H., Sun, I.-F., Tan, S., Thomas, D., van Mantgem, P.J., Wang, X., Wiser, S.K., Zavala, M.A., 2014. Rate 820 
of tree carbon accumulation increases continuously with tree size. Nature advance online publication. 821 
Suding, K.N., 2011. Toward an Era of Restoration in Ecology: Successes, Failures, and Opportunities 822 
Ahead. Annual Review of Ecology, Evolution, and Systematics 42, 465–487. 823 
Thomas, S.C., Martin, A.R., 2012. Carbon Content of Tree Tissues: A Synthesis. Forests 3, 332–352. 824 
doi:10.3390/f3020332 825 
Trexler, M.C., Haugen, C., 1995. Keeping it Green: Tropical Forestry Opportunities for Mitigating 826 
Climate Change. World Resources Institute. 827 
Trotter, C., Tate, K., Scott, N., Townsend, J., Wilde, H., Lambie, S., Marden, M., Pinkney, T., 2005. 828 
Afforestation/reforestation of New Zealand marginal pasture lands by indigenous shrublands: the 829 
potential for Kyoto forest sinks. Annals of Forest Science 62, 865–871. doi:10.1051/forest:2005077 830 
Van Kooten, G.C., 2000. Economic Dynamics of Tree Planting for Carbon Uptake on Marginal 831 
Agricultural Lands. Canadian Journal of Agricultural Economics/Revue canadienne d’agroeconomie 48, 832 
51–65. doi:10.1111/j.1744-7976.2000.tb00265.x 833 
Van Oosterzee, P., Blignaut, J., Bradshaw, C.J. a., 2012. iREDD hedges against avoided deforestation’s 834 
unholy trinity of leakage, permanence and additionality. Conservation Letters 5, 266–273. 835 
Venter, O., Koh, L.P., 2011. Reducing emissions from deforestation and forest degradation (REDD+): 836 
game changer or just another quick fix? Annals of the New York Academy of Sciences. 837 
Vesk, P.A., Westoby, M., 2001. Predicting plant species’ responses to grazing. Journal of Applied 838 
Ecology 38, 897–909. 839 
Witt, G.B., Noël, M.V., Bird, M.I., Beeton, R.J.S. (Bob), Menzies, N.W., 2011. Carbon sequestration and 840 
biodiversity restoration potential of semi-arid mulga lands of Australia interpreted from long-term grazing 841 
exclosures. Agriculture, Ecosystems & Environment 141, 108–118. 842 
Woinarski, J.C.Z., Rankmore, B., Hill, B., Griffiths, A.D., Stewart, A., Grace, B., 2009. Fauna 843 
assemblages in regrowth vegetation in tropical open forests of the Northern Territory, Australia. Wildl. 844 
Res. 36, 675–690. 845 
28 
 
Zak, M.R., Cabido, M., Hodgson, J.G., 2004. Do subtropical seasonal forests in the Gran Chaco, 846 
Argentina, have a future? Biological Conservation 120, 589–598. 847 
